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Description 

BACKGROU ND OF THE ilMVPMTinM 
1 ■ Field of Invention 

[0001] This invention is directed to iron-based mbced powders for use in rrietallurgy. 
2. Description of Related Art 



material (which can be a mixture of one or wZ i^nZ J '^o" Powder for an iron-based powder as a substrate 
alloying powder such as XZrpoZ ^^^^^^^^^^ Zt^L ^1'"°^'"^ ''"'''^'^ ^-^^ 

" as Zinc stearate (whch can be a mixturro?S.eTroret^^^^^^^^^^ P'*'^^'^' "P''^"^"^' ^ '^^^ 

powder(s) (one or more kinds of m^^tiS imp^JC^^^^^^ ''P^'^"^'^' --^-""'ty -P-^nS 

TaJiyinrs^irrcr^^^^^^^^^^ 

or powder Of different si.es, shape and densUv SoedSJl^^ nfc! J ' "^'^^'^ P°«der contains plural kinds 

powder is not uniform during transporta^on aft^^nf ? °' '^^'""^ '''^ '^^^'^'^^^'^ 

Charging to the mold or during presCg "'"'^'"^ ' "^^^'^ '^'^'^^«^9'"9 from the hopper, or upon 

Sra^^thTrhit^So:^^^^^^^^^^^ 

track transportatL and as a rcs^rtho nrfS^ '"dependently of each other in a transportation container during 

- segregation'. Further luse " mixed powtfo r.vln o"." '"T' ^ '''''' '° ^"'^^^ 
segregates due to movement in th^hoppTri 2 JeTk^^^^^^^^ ''''''' powder charged in the hopper 
..ere.^^ 

- rmi-dirp^rctiz;:^^^^^^ 

product (Sintered product) Z a resu7ome flul»In ^''^ ^°'^P°s'«°" f'^^^t^ates for eve^r 

greatly to cause failed produSs " °' composition, the size and the strength of products vary 

3S increases by the mixing of the alloy n^pow^^t^ o^^^^^^^^^^ iTj ''l' '^^--^-^^ -i^ed powder 

fluidity of the iron-based mixed powderLeTs the cha^nri,!^'^^^ "^"'"^ P°'^'*^^- lowering the 

therefore, lowers the production speed o re llIc, Z?,.w T , "T^^'^'^ ''^^ "^"'^ and. 
[0007, AsacounteLasurefor:ulpo^^^^^^^^^^^^^ 

gation, Japanese Patent Laid-Open No 219101/1989 for l«mZ n ^ ' ^ °' preventing segre- 

^ allurgy. comprising from 0.3 to 1^3% of a lubrLan f^on^^^^^^^^^^^ T '"""'^'"^ P°««*«^'"«t- 

an iron powder, in which the allovinn Pi»mon r J L " ^""^'"S PO"<^er and the balance of 

publicatL, tfie iron p wder^^^^^^^^^^^ °" ^""^^ P"*^^^" ^--"^'"^ «° 

neous Sintered products segregation of the ingredients during handling and enables to obtain homoge- 

described in Japanese Patent JlZe^NrfsSSi^T^^^^^^^^^^ 

acid to an iron-based powder then STucTno ^f T ^"^'^ conducting primary mixing by adding a fatty 
elevatlngthetemperature^ni^^^^^^^^^ "'""^ adding a metal soap lo the alloying powder(sT 

adhering^he alloying powl s^o STe^ r^^^^^^^^^^ 
'0 the fatty acid and the metal soap. 'ron-Dasea powder by a binding effect of a co-molten product of 

Iha cnlamMlon ,o a sintering turn oalTil!^?! ' ,f '"^^ °' "^^^ " « 

compound. ' ' "» "I W"*' "alonsl nol conBlning tn. metal 
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based mixed powder applied with the segregation-preventive treatment disclosed by the publications described above. 
First, the result of this experiment is explained as follows. 

[001 2J To an atonnized iron powder as the iron-based powder 2 mass % of a copper powder and 0.8 mass % of a 
graphite powder as the alloying powder(s). and 0.4 parts by weight of zinc stearate and 0.2 parts by weight of machine 
oil (spindle oil) as the binder based on 100 parts by weight of the total sum of the iron power and the alloying power 
were mixed and heated to adhere the alloying powder{s) to the surface of the iron powder (example of a binder treat- 
ment). Then, 0.3 parts by weight of zinc stearate was mixed with these components as a free lubricant. An iron-based 
mixed powder including a mixture of an Iron powder and a free lubricant, in which alloying powder(s) is adhered on 
the surface of the iron powder (known product), was obtained by this treatment. 1 50 g of the iron-based mixed powder 
was charged In a shoe box sized 20 mm x 60 mm x 1 00 mm, as shown In Fig. 1 . 

[0013] The shoe box was moved In a direction to a mold at a speed of 200 mm/s, stood stationary just above the 
mold for 1 second, and then retracted to the original position in the arrangement, as shown in Fig. 1 . The iron-based 
mixed powder was charged into the mold by the operation. The mold used has a cavity with a thickness of T mm, 
length, L, of 60 mm and depth, D, of 60 mm. The thickness T mm was varied as 1, 2 and 5 mm. 
[0014] After charging, the Iron-based mixed powder charged in the cavity was molded at a pressure of 488 MPa and 
the weight of the obtained molding product was measured. Then, the charged density (= the molding product weight/ 
mold volume) was calculated to evaluate the die filling property of the iron-based mixed powder to the mold. The result 
for the iron-based mixed powder (known product) is shown in Fig. 2. It can be seen from Fig. 2 that the charged density 
decreases as the cavity thickness T of the mold decreases in the known product. For example, when the cavity thickness 
T of the mold is 1 mm, the existent iron-based mixed powder is charged by less than one-half for the apparent density. 
As described above, when the cavity thickness of the mold is thin, die filling property of the Iron-based mixed powder 
treated for segregation by the known techniques is deteriorated. 

[0015] In the known product of the reduced die filling property as described above, when it is charged into a mold, 
for example, of a gear shape, the charged density is lower at a narrow width portion of the tooth tip as compared with 
other portions of the gear Then, when it is pressurized as it is into the molding product and further sintered, because 
the amount of shrinkage differs depending on the portions, the dimensional accuracy of a part is deteriorated. Generally, 
when the charged density is different and the green density is different for different portions, the rate of dimensional 
change upon sintering also differs and, further, the sintering density is also different. Accordingly, in the portion at the 
tooth tip of the gear of low charged density the sintering density tends to be lowered and, thus, the strength is lowered. 
Because maximum stress is usually exerted on the portion of the tooth tip in the gear it is required that the portion for 
the tooth tip has a higher strength and, preferably, the charged density is preferably higher 

[0016] In view of the problems described above, Japanese Patent Laid-Open No. 2671 95/1 997 discloses, for exam- 
ple, a powder charging method comprising disposing a pipe having gas releasing holes at the surface in a shoe box, 
fluidizing a powder by the gas exiting from the gas releasing holes, and then charging the powder gravitationally into 
the cavity. However because the technique described In Japanese Patent Laid-Open No. 267195/1997 requires a 
special apparatus, it has a problem of increasing the installation cost and also increasing the manufacturing cost. 
[0017] Further in the field of sintered parts for use in automobiles, for instance, reduction of size for sintered parts 
is desired along with a demand for the weight reduction of car bodies in recent years. However, stress exerted on parts 
tends to be increased along with the size reduction of the parts. Accordingly, for the parts of identical composition, 
those parts of higher strength, namely, those parts of higher density are desired (for sintered products of an identical 
composition, the strength is generally higher as the density is higher). In order to obtain a sintered part of a reduced 
size and having high density, it is necessary that the iron-based mixed powder Is applied with the segregation-preventive 
treatment and is excellent in compressibility. In addition, it is required for an iron-based mixed powder that it is excellent 
in the die filling property to the narrower width portion of the mold, as well as it having the characteristics described 
above. 

SUMMARY OF THE INVENTION 

[0018] This invention can advantageously overcome the problems of known powders described above and provide 
an iron-based mixed powder capable of manufacturing sintered parts of consistent high density and with less fluctuation 
of characteristics. Specifically, it intends to provide an iron-based mixed powder applied with a segregation-preventive 
treatment and excellent in the compressibility (high density for the molding product) and excellent in the die filling 
property. 

[0019] The present inventors have made an earnest study in order to solve the foregoing problems of various factors 
affecting the compressibility and the die filling property of the iron-based mixed powder applied with the segregation- 
preventive treatment (for example, a binder treatment). 

[0020] First, the iron-based powder is generally classified into two types of powder namely an atomized iron powder 
and a reduced Iron powder The reduced iron powder has greater unevenness on the surface and more voids in the 
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iron powder. While the fluidity and the o Ln.l ? ' '^''^ '^"'^P^^^d ^''^ those using atomized 

that good fluidity will be advaLgeo s foSinToro^prp 1'" '1""""' " generally anticipated 

5 can be industrially handled more easfly ' """"-"^^^^ "'"^'^ P°«der of excellent fluidity 

Sntrn~i::cr^^^^^^ 

- iron pLer Is more eleJe^nlt n'^^^^^^^^ XZwdlr usTo^'' ''V'"""^'' '""'^^ '"^'^'^^^ ^'"^ -'^-^ 

filling property of the iron-baseS mixed powder ca" be7mtLTr!rf '^"'^ ""'^ 

'5 pressibility by mixing an appropriate amount o rZ nln '^ remarkably wrth no significant lowering of the com- 

The present inventors have f urXuZharuLe 7" '"""'^ '° ^ "'"'Ponent. 

the die filling property. """^'^'^""'^ '^^^t use of an appropriate binder and a lubricant can also further improve 

charged well even for a Lvity thickness of 1 mm »1h ^ ^'^"'^'"^ '° '^"^ P^^ucl) can be 

compared with the known product. '^'^ ""'"9 P~P«^ remarkably improved 

S T™rnh~or;^^^^^^^^^ 

die filling property, comprising an irrbas^Zi^dc^^^^^^^^^ ZZZ !: '7°"'." "^'^""^^ '^^^ 
- proving powder(s) and, preferably further comaTr^na fuJ^^ ^ V-i. °' ^""^^ "P*'^"^"^' ^ "'^'^'^inability im- 
60% to about 90% Of an atomized iron powder iTd rom 2out 1 oJT 'T""''"'^ ^"^P^^^^ about 

"o basis, based on the entire amount of the iron based ^wl f T ^° °' ' '^'"'^^'^ P''^''^^ °" « '"a^- 
Powdersubstantiallycomprisingthe Idurd iron powSrr^^^^^^ ''l '"""^''"^ the atomized iron 

proving powder adhered on the surface)Tan ^mon^f^^^^^ ^ ""'^ "° Powder or the machinability im- 

iron-based powder. For this purpose h ee r rbased ^^^^^^^^^^ '° ^ T '''' ^^^^ 

[0028J Further, in the invention the content TZ Z^ ? ^ "'"'^'^ ^'^^ '"""^^ treatment. 

- parts by weight based on Toorby hi to^^^^^^^^^^^ 'h" 1°"* °' '^^'^ '^^'^^^ *° ^ ° 

machinability improving powder(s) °' -ron-based powder, alloying powder(s) and the 

iS^idrmeltV^Sir^^^^^^ 

reightre^'r:arbr:eiLht^ 

machinability improving powder(s) 'ron-based powder, the alloying powder(s) and the 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0034] 

Fig. 1 is a schematic explanatory view showing a lest apparatus for a die filling property test; 
Fig. 2 Is a graph illustrating the relationship between a die filling property and the cavity thickness of a nnold for a 
iron-based mixed powder of known iron-based mixed powder (known product) and Iron-based mixed powder ac- 
cording to this invention (inventive product); and 

Fig. 3 is an explanatory view illustrating the definition for the primary particle size and the agglomeration particle 
size. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0035] Iron-based mixed powders for use In powder metallurgy according to this invention comprise an iron-based 

powder, alloying powder(s), a binder (which can be a mixture of one or more kinds of binder) and, optionally a lubricant 
and, further optionally, merchantability improving powder(s) in which the alloying powder(s) or, optionally the machina- 
billty improving powder{s), Is adhered by a binder to the surface of the Iron-based powder as a segregation-preventive 
treatment. 

[0036] According lo this invention, the iron-based powder is a mixed iron powder comprising an atomized iron powder 
as a main ingredient and further comprising from about 40 to about 1 0 mass % of a reduced iron powder based on the 
entire amount of the iron-based powder. Preferably, the iron-based powder comprises from about 60 to about 90% of 
the atomized iron powder and from about 40 to about 1 0% of the reduced iron powder as the substantial balance based 
on the entire amount of the iron-based powder. As a result, the die filling property can be improved remarkably without 
greatly lowering the compressibility. The content of the reduced iron powder is defined as about 40 mass% or less for 
ensuring satisfactory compressibility of the iron-based mixed powder. More preferably, its content Is about 30 mass% 
or less. Further, the content of the reduced iron powder is defined as about 10 mass% or more for fully obtaining the 
improving effect for the die filling property Its content is more preferably about 15 mass% or more. In the iron-based 
mixed powder according to this invention, it may suffice that the atomized iron powder and the reduced iron powder 
are merely mixed and it is not necessary that they are metallurgically bonded. 

[0037] It Is further preferred in order to improve the die filling property of the iron-based mixed powder that a portion 
of the reduced iron powder contained, that is, from about 10 to about 30%, on a mass % basis, of the reduced iron 
powder based on the entire amount for the iron-based powder, comprise an iron powder having neither alloying powder 
(s) nor a machinablllty improving powder(s) adhered on the surface thereof (hereinafter referred to as free Iron-based 
powder). The content of the reduced iron powder as the free iron-based powder Is defined as about 10 mass % or 
more for fully obtaining the improving effect for the die filling property. On the other hand, the content is defined as 
about 30 mass % or less for ensuring satisfactory compressibility of the iron-based mixed powder. The content of the 
reduced iron powder as the free iron-based powder is more preferably within a range of from about 15 to about 30 
mass %. 

[0038] The content for the reduced iron powder is defined as about 40 mass % or less for ensuring satisfactory 
compressibility of the Iron-based mixed powder Further, the content of the reduced Iron powder is defined as about 
1 0 mass % or more for fully obtaining the improving effect for the die filling property. 

[0039] The atomized iron powder mainly used as the iron-based powder in this invention is, preferably, a pure iron 
powder, or alloy steel powder manufactured from molten metal by an atomizing method, or it may be a mixture of these 
powders. Further, the atomized iron powder to be used may be a pure iron powder or a partially alloyed steel powder 
in which alloying powder(s) is partially alloyed on the surface of atomized powder 

[0040] Further, for the reduced iron powder used in addition to the atomized iron powder as the iron-based powder, 
reduced iron powder made of mill scales formed upon manufacture of steel materials, or made of iron ores, is preferably 
used. 

[0041] Further, the alloying powder(s) is mixed with the iron-based mixed powder in accordance with desired me- 
chanical characteristics of the sintered product, and various kinds of alloy powders, such as graphite powder, copper 
powder and nickel powder are preferably used as the alloying powder(s). 

[0042] The content of the alloying powder(s) is preferably about 6.0 mass % or less based on the total amount 
Including the iron-based powder, alloying powder(s) and the machinabitity Improving powder(s) (mixed optionally) with 
an aim of ensuring high green density. When the alloy steel powder or the alloyed steel powder is used as the iron- 
based powder in this invention, the alloy ingredient included therein is not included for the amount of the alloying powder 
(s) for this purpose. 

[0043] Further, when it is necessary to improve the machinablllty of the sintered product, a machinability improving 
powder(s) is mixed with the Iron-based mixed powder. For the machinability improving powder(s), a talc powder, a 
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[0045] ,n this invention, .he content of the binder is prlferZ^^^^^^^ ""''"'"'"^ 

we.ght based on 100 parts by weight of the total aZmfoM^^^^ h h '° ^"^^^ ^ ^ P^^s by 

machinabilfty improving powder(s) That is trbirer is oreVrr^r ^""^'"S P°«'^«^(s) the 

more to achieve treatment capatle of effeJiirerpreven^^^^^^^^ °' 0. 1 parts by weight or 

and the binder is used preferably in an amTunfof Sut oVbv S^^^^^ ^'''"''^ 

property of the iron-based mixed powder ^ °' '^^^ maintaining a satisfactory die filling 

Sdeirriira mS^^^^ - of compounds selected from stearic acid 

- A,. The binder A used preferably ma" b ote "It mem^^^^^^ ethy,enbis(stearamide) (binder 

me«ed mixture of stearamide and ethylenbis{stea^riXncl^hvS^^^^ T ''''' « 
10047] Further, in this invention, a binder comprTs^a z nc ^,'1/ i '^^"^"^ "y heating, 

acid, spindle oil and the turbine oi. may be uS'^er B As h^^^^^^^^ °' '"^'""^'^ =«'«^ted from oleic 

the iron-based mixed powderar;hT:erTpr^^^^^^^^^^ 

I c " ''^^ °' friction upon IsslnTt e fron b f h I" '"^ °' ejection force 

[0049] For obtaining such an effect of the lubricant «t Ip^I?! <ron-based mixed powder in a mold. 

^'^-J-l'^bncantVoforrodtoin.h.invonJL^^r^^^^ 

^5 powder), the alloying powder(s), or the machinabilih/ fmn '^'^ fon-bascd powder (iron 

is present in a free state. The contfnroT he frfet^S^^^^^^^^^^^^ the iron-based mixed powde'r, but rathe 

parts by weight, based on 100 parts by weight of hfS amo^^^^^^^^^ T"' °^ »° 0 8 

the machinability improving powder(s) When the freitbrlT ?s 11^^ nT ""' '"'^'"^ PO"«^er(s)and 

property of the iron-based mixed powder can be improved u^^^^^^ "'^'^^^ °^ ^'^ "'""g 

parts by weight or less and, more preferably aboJo^^nflK ? °' '^^^ '"bricant is about 0 8 

molding product density can be achieved ' °^ ""^"9 Property and high 

selected from a themioplastic resin powder, z nc s earat^ a^^^^^^^^^^ 2 ? '° ""^^^ '"^'^''^^^ 

rnembersselectedfromstearicacid,oleamide.stea a^de r^^^^^ 
ethy,enbis(stearamide), polyethylene With a molecu rv^^l^^^^^^^^^^^^ 

fSLt^eteTbrrnr^^^^^^^^^^ 

content of one or more members selitedWm melmZst re,^ , " ''"P^"'"" "^"^herThe 

about 0.05 parts by weight to about 0.8 parts by weZ mor^^^^^^ ""'^ '"^'""^ ^'^^^-'^ is preferably 

parts by weight based on too parts by Lght of^e L7all^^^ f^^^^^^^^^ f ° ' "^^^ ''^ ^^'a*^' »° ^^^ut 0.5 
the machinability improving powder(s) (added opt ona iv) L Z^^^^^^^^^^ ^"^yi'^S powder(s)and 

property into the mold of the iron-based mixed powder ""P^ovement for the fluidity and the die filling 

u?,ro:~:nr^^^ 

amount of the thermoplastic resin powder whichl Zn^^^r^pH .h T'*' ^'^''^ ^ ''^s^'' °" t^-e entire 

selected from the aco^lk: esters, methacrylireste : ^Troml v^T^ °' 

more based on the entire amount of the thermop aS^c ^sZLTZ7°T" f ^° "^^^^ - 

.mproved sufficiently. As the monomer, one of the acMirestermii^ r '"'^^'^ P"*'^-^ 

Ulacryli^Tb^^lX"^^^^^^^^^^^ 

acrylate and n-octyl acrylate ^ ^ ' ^'^'y'^'®" "•^^'^V ^'^Vate, cyclohexyl acrylate. 2.ethylhexyi 

Sc^ar ^^^^^^^^ ethyl methac.late. n-propy. 

methacrylate. 2-ethylhexyl methaco^late and n-oc^^^^^a^^^^^ "'"'^y' '"^t^^'^'ylate. cyclohexyl 

methacrylate can be used particularly suitably. '"^'^^'^'Vate. Among the monomers described above, methyl 
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[0055] Further, the aromatic vinyl compound can include, for example, monomers such as styrene, o-methytstyrene 
and divinylbenzene. Further, monomers having a methyl group, ethyl group, propyl group or butyl group substituted 
on the benzene ring of the monomer described above, for example, vinyl toluene or Isobutyl styrene can also be 
included in the aromatic vinyl compound. 

[0056] Further, at least one monomers from acrylic esters , methacrylic esters and aromatic vinyl compounds may 
be Incorporated and copolymerized with other copolymerizable monomer In an amount preferably by about 50 mass 
% or less based on the entire amount of the monomer to form a thermoplastic resin. 

[0057] Other monomers copolymerizable with the three kinds of monomers described above can include, for exam- 
ple, unsaturated monomocarboxylic acids, such as acrylc acid, methacrylic acid, 2-ethyl acrylic acid, crotonic acid, and 
cinnamic acid; unsaturated dicarboxylic acid, such as maleic acid, Itaconic acid, fumaric acid, citraconic acid, and 
chloromaleic acid, as well as anhydrides thereof, monoesters of unsaturated dicarboxylic acids, such as monomethyl 
maleate, monobutyl maleate, monomethyl fumarate, monoethylfumarate, monomethyl itaconate, monoethyl itaconate 
and monobuthyl Itaconate, as well as derivatives thereof; glycidyl ethers, such as glycidylmethacrylate, glycldylacrylate, 
glytcldyl-p-vinylbenzoate, methylglycldylltaconate, ethylglycldylmaleate and glycidylvinylsulfonate; epoxide olefins! 
such as butadiene monoxide, vinylcyclohexene monoxide, 5,6-epoxyhexene, and 2-methyl-5,6-epoxyhexene; vinyl 
cyanides such as acrylonitrile and methacrylonltrile; vinyl esters, such as vinyl acetate, vinyl propionate, vinyl myristate, 
vinyl oleate and vinyl benzoate; conjugated diene compounds, such as budadiene, Isoprene, 1 ,3-pentadiene and cy- 
clopentadlene; and non-conjugated diene compounds, such as 1 ,4-hexadiene, dicyclopentadiene and ethylidenenor- 
bornene. 

[0058] Further, as the copolymerizable monomer, a crosslinking monomer having two or more double bonds sub- 
stantially equal in view of the reactivity may be added by from about 0.1 to about 2 mass % based on the entire amount 
of the monomer. The crosslinking monomer can Include, for example, ethyleneglycol diacrylate, ethyleneglycoldlmeth- 
acrylate. butyleneglyco! diacrylate, butylenegiycol dimethacrylate, trimethylolpropane diacrylate, trimethylolpropane 
dimcthacrylatc, trimethylolpropane triacrylatc, trimethylolpropane trimcthacrylatc, hcxancdiol diacrylate, hcxancdiol 
dimethacrylate, ollgoxyethylene diacrylate and ollgoxyethylene dimethacrylate, as well as aromatic dlvlnyl monomers, 
such as divinylbenzene, triallyl trimeritate and triallyl isocyanurate. 

[0059] The thermoplastic resin powder described above preferably has an average primary particle size of from 
about 0.03 \.iw to about 5.0 ^im, an average agglomeration particle size of from about 5 i.im to about 50 {.im, and an 
average molecular weight, as measured by a solution specific viscosity method, of from about 30 000 to about 

5,000,000. 

[0060] The average primary particle size referred to in this Invention means an average size value 3 for the Individual 
particles or primary particles 1 of the thermoplastic resin powder as shown in Fig. 3. Further, the average agglomeration 
particle size means an average value 4 for the particle size of the agglomerated particle 2 formed by cohesion of 
primary particles 1 The average primary particle size is obtained by observing agglomerated particles by a scanning 
electron microscope (SEM), actually measuring the diameter (primary particle size) for about 50 of primary particles 
forming the agglomerated particle and averaging the same. Further, the average agglomeration particle size is obtained 
by observing the agglomerated particle by the SEM in the same manner and measuring the particle size for about 50 
of the agglomerated particles based on the SEM photograph and averaging the same. 

[0061] Further, in this Invention, the average molecular weight is measured by a solution specific viscosity method. 
Measurement by the solution specific viscosity method is conducted by the following procedures. 0.2 g of a specimen 
resin is dissolved In 50 ml of tetrahydrofuran, to detennine the viscosity A of the solution at 35°C. In the same manner, 
the viscosity B of a solvent (tetrahydrofuran) at an identical temperature Is determined to calculate a specific viscosity 
(A/B). Because the relation for the specific viscosity - average molecular weight is previously determined from various 
kinds of standard polystyrenes, the average molecular weight of the specimen resin is detennined based on the specific 
viscosity described above using the relation. 

[0062] The average primary particle size of the thermoplastic resin powder Is preferably from about 0.03 ^m to about 
5.0 ^m. When the average primary particle size Is about 0.03 p.m or more, the manufacturing cost of the resin powder 
is not expensive, so that the production cost for the Iron-based mixed powder can be prevented from increasing. The 
particle size is further preferably about 0.05 ^m or more. Further, when it is defined as about 5.0 ^m or less, the density 
of the molding product can be kept high (that is, the compressibility can be maintained satisfactorily). It is further 
preferably about 3.0 ^im or less. 

[0063] The average agglomeration particle size of the thermoplastic rosin powder is preferably from about 5 ^m to 
about 50 fim. When the average agglomeration particle size is about 5 fim or more, the fluidity and the hopper dis- 
chargeability of the iron-based mixed powder can be maintained satisfactory. The average agglomeration particle size 
Is further preferably about 10 jxm or more. Further, when this particle size is about 50 ^m or less, the tensile strength 
of the sintered product can be kept equal to or greater than that of the known product. This particle size is further 
preferably about 40 pm or less. 

[0064] Further, as the thermoplastic resin powder, two or more kinds of themioplastic resin powders of different 
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average primary particle si>e can be mixed In thi<; r^^co th« 

30,000 or more, the manufacturing cost of the resin oowSr « no^^ ^'^'^''^ molecular weight is about 

cost Of the iron-based mixed powder can be Rented from inl ''""r '^'^ '"^P^^^^^-^ the production 
.3 about 5,000,000 or less, the fluidity or the hop^r schZ^^^^^^^^^ "^''f' "'^^^ ^"^^ ^^'^^^ ^^lecL weigh 

^eaJ3:;;fs":s;ts^^^^^ 

acrylate ,s suitable. Among the methods, a polymeriraZ ^'^^^^^^^ ? P"^"^^^ «"ch as of polymethyl meth- 
s.ze and capable Of Obtaining spherical particLZSl;,^^^^^^^^ '"'"""^^'^ P^'^''^'^ ^^^emely fine 
polyrr,enzat,on method and a seeding emulsion polySmtonS^d ^^r'? PrT'"'"^''"" ^'""'sion 
[0067] As the micro-suspension polymerization mpZ? ; ' Particularly preferred, 

as a rad,ca. Po<yme.za,ion ini«ato 'pS ^^^^^^^^^^ « -thod of using an ol, soluble initiator 

(~l., before staging of the poly.eU.n an^onrS';;:,"^^^^ 

pylperoxy dicarbonate. di-sec-butylperoxy dfca Jnal and Tz lTT' "^^^^V'^'^^^^nates, such as diisopro 
t-buty,peroxypiva,ate and t-butylperoxyneodecanoat organt p^S^ Peroxyesters, such'as 

=aS^e « 1~ alone or .o or more of them may be used in 

the Charging method and usually it is preforLl/userrhin a r 1 If °' '"^"'""^^ 

?0070i °" "'"'9'^ °' monomer used ' ° '° ^ 0 Parts by weight 

disperiant a^gr^retr::;:;;"" — . a surface active agent (surfaCnt) and a 

and potassium dodecylbenzene sulfonate; Lte^ntSch . h'' '"f ^ clodecylbenzene sulfonate 

Isulfosuccinate; salts of fatty acides such as ammoS lauSe ^^^^^^^^^^^ ^.octylsuffosuccinate and sodium dihexy- 
polyoxyethylenealkylarylsulfateianionlcsurfactarsTuSia^^^^^^ 

such as sorbitanmonooleate, polyoxyethylenesoSJnmln , d°decyldiphenylelherdisulfonate; sorbltan esters 
suchaspoVoxyethylenealkylpU^^^^^^^^ 

ylammonium bromide. sunactants such as cetylpyridinium chloride and cetyltrlmeth 

SoSi srs:re~ 

nation, the amount of use can properly be selected usuaSv wS i r T °' °' '^""^ "^^^ ^^^<^ *n combi- 

preferably, from about 0.2 to about 4 parts bv wShrh/cl ° to about 5 parts by weiah 

[0074] Further, in the micro-suspensTpoSz^n m'^^^^^^^^ '"T °' "^""^"^-^ "'ed. ' 

agent, as well as po^merization adding agent^chThlhf^^ 1 ^ a surface active 

addlth.es are at first added to an aqueous medfum and mE nr ^ °' "^^"^ °P«°"ally and other 

conduct particle size control for oil droplets ' '''"""""'^^ homogenteatlon by a homogenizer to 

U^Jrerriira^'LTo^^^ ^ -0 stage high pressure pump high 
droplet particle size, appropriate conditio s can be ec^^^^^^^^^^ ' ' ° ° 

effectuated depending on the control for the sheart^gtrce upon hoZl? 7'"''' "'P^""^"'' ''^ins 
za ion, reactor type and the amount of the surface active ""^^S^^'^at.on, stirring condition during polymer? 
solution Of the ontiromonomorissonttoaporm^-zatn^^^^^^^^^^^ 

stirnng. polymerization is conducted usually atTtimlr ' "'^'"^ the temperature undormodorato 

[0076J ,n this way, a liquid emuSon of Cd u^nlT^ 

desired value forthe average Prima^. pa^'sizX^^^^ "^^^^ '^^^^ a 

;^r^CdS-s;~^^^^ 

-weightaveragemolecularweightofthetL^oplitS^^^^ 



[0070] 

30 



35 
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reaction temperature or the polymeri7atlon degree controller. 

[0077] Next, an exannple of the preferred manufacturing nnethod of the iron-based method powder according to this 
invention is explained. 

[0078] First, from about 60% to about 90%, on a mass % basis, of an atomized Iron powder, substantially the balance 
(from about 1 0 to about 40%) of a reducing iron powder as the iron-based powder, alloying powder(s) and, optionally, 
a machinability improving powder(s) and a binder are mixed based on the entire amount of the iron base powder to 
form a mixture. 

[0079] The binder is preferably mixed from about 0. 1 parts by weight to about 1 .0 parts by weight or less based on 
100 parts by weight of the total amount for the iron-based powder, the alloying powder(s) and the machinability im- 
proving powder(s). The binder is preferably one or more of members selected from stearic acid, oleamide, stearamlde, 
a melted mixture of stearamide and ethylenbis(stearamide) and ethylenbis(stearamide). 

[0080] The mixture is mixed under heating (the process up to this step is referred to as primary mixing). When one 
kind of binder is used, the heating temperature in the primary mixing is preferably at a temperature higher by from 
about 10 to about 100**C than the melting point of the binder. When two or more kinds of the binder are used, the 
heating temperature is preferably about 10**C or higher than the lowest value of the melting points of the binders and 
lower than the highest value among the melting points of the binders. When heating is conducted at a temperature 
higher than the lower limit temperature described above, at least one kind of binder is melted to provide the binding 
function by the binder for the powder particles. Further, when the heating temperature is lower than the upper limit 
described above, reduction of the binding function due to Ihermo-decomposilion of the binder or the like can be avoided 
sufficiently and, satisfactory hopper dischargeability can be maintained. 

[0081] Then, the primarily mixed powder is cooled to adhere the alloying powder(s) or the machinability improving 
powder(s) to the surface of the iron-based powder The processings from the mixing of the starting material powders 
including the binder up to this step are generally referred to as the binder treatment or adhering treatment. 
[0082] Then, a lubricant is further added to the primarily mixed powder in which the alloying powdcr(s) or, optionally, 
the machinability improving powder(s), are adhered on the surface of the iron-based powder and mixed (referred to 
as secondary mixing) to form an iron-based mixed powder. The temperature for the secondary mixing is preferably 
lower than the minimum value among the melting points of the lubricants to be added for obtaining the lubrication 
function. The temperature is more preferably at a room temperature. Further, the amount of the lubricant to be added 
is preferably from about 0.1 parts by weight to about 0.8 parts by weight, more preferably, about 0.5 parts by weight 
or less based on 1 00 parts by weight of the total amount for a the iron-based powder, the alloying powder(s) and the 
machinability improving powder(s) (added optionally). The lubricant added by the secondary mixing forms a free lubri- 
cant and Is present in a free state not bonded with the iron-based powder in the mixed powder 
[0083] The lubricant added upon secondary mixing as the free lubricant essentially contains one or more compounds 
selected from thermoplastic resin powder, zinc stearate and lithium stearate described above and, optionally, contains 
one or more of compounds selected from stearic acid, oleamide, stearamide. a melted mixture of stearamide and 
ethylenbis(stearamide), ethylenbis(stearamide), polyethylene with a molecular weight of about 1 0,000 or less, a melted 
mixture of ethylenbis(stearamide) and polyethylene with a molecular weight of about 1 0,000 or less. The thermoplastic 
resin powder preferably comprises 50 mass % or more, based on the thennoplastic resin powder at least one compound 
selected from acrylic esters, methacrylic esters and aromatic vinyl compounds as the monomer, which is polymerized 
therewith. 

[0084] In this invention, a portion of the reduced iron powder to be added as the iron-based powder, preferably, from 
about 1 0 to about 30 mass %, based on the entire amount of the iron-based powder, may be added during secondary 
mixing. This can make the reduced iron powder added upon secondary mixing as a free iron-based powder having no 
alloying powder(s) or machinability improving powder(s) adhered on the surface. When at least a portion of a reduced 
iron powder is a free iron-based powder, the die filling property of the Iron-based mixed powder can be improved further 
remarkably 

[0085] Further, as another manufacturing method, the iron-based mixed powder according to this invention may be 
manufactured also by the following steps (1)-(4). 

(1) After adding alloying powder(s) and, optionally, a machinability improving powder(s) to an iron-based powder 
substantially comprising from about 90 to about 60 mass % of an atomized iron powder, and from about 10 to 
about 40 mass % of a reduced iron powder and further spraying a liquid binder to such powders (the liquid binder 
Is hereinafter referred to as a spray binder), they are mixed. As a liquid binder, one or more of oleic acid, spindle 
oil and turbine oil is preferably used. 

(2) Zinc stearate is further added and mixed to the mixture to fonn a primary mixture. The amount of the zinc 
stearate. together with the spray binder, is preferably from about 0.1 to about 1 .0 parts by weight of based on 100 
parts by weight of the total amount for the iron-based powder, the alloying powder(s) and the machinability im- 
proving powder(s). 
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(3) The primary mixed powder is <iijhi^.r>t^ri t 

' [0087] In the examnip tK 'ubricant described 

[0090] The bindTLaS^^^ "'^ '^^^ « prese ' admixed 

*ov,, s.,„s process c„ .".^..'ni'^ " "-Ion <,„o„o„,„,. ,„ Z pSsS:S» 



EXAMPLE 
(Example 1) 



St s2nrTABTri"t:rcZ?;- '^^^^^^^^^ -™-t shown in TABLE 1 « h . 

used Each of r" ^^^"^ manufactured by Kawfsaki Ste J r " Corporation) 
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[0094] Then, the mixtures were heated while continuing mixing at the temperature shown in TABLE 1 (processes up 
to this steps are referred to as primary mixing) to form a primary mixture. 

[0095] Successively, the primary mixture was cooled to 86*»C or lower while mixing. Further, after cooling to 40°C. 
free lubricants of the kind and the amount shown in TABLE 1 were added and after mixing so as to be homogenized 
(processes up to this step are referred as secondary mixing), the mixture was discharged from the heat mixing machine 
to fomn an iron-based mixed powder. TABLE 3 shows the relation between the symbols and the free lubricant except 
for thermoplastic resin powder, zinc stearate and lithium stearate added during secondary mixing. Further, TABLE 4 
shows the relation between the symbols and the kinds of the thermoplastic resin powder used for the secondary mixing, 
the compositions, the polymerization method, the primary particle size, the agglomeration particle size and the molec- 
ular weight thereof. 

[0096] A reduced iron powder (15 mass %) was added together with the lubricant during secondary mixing in a 
particular experiment (iron-based mixed powder: . No. 1-17). 

[0097] Die filling property, compressibility and segregation property were evaluated for the resultant iron-based mixed 
powder. 



(1 ) Die filling property Test 

[0098] Die filling property test for the iron-based mixed powder was conducted by using an apparatus schematically 
shown for the arrangement in Fig. 1 A shoe box (1 00 x 60 x 20 mm) filled with 1 50 g of an iron-based mixed powder 
(tested mixed powder) was moved at a speed of 200 mnVs In the direction of a mold, which was stopped just above a 
mold having a cavity thickness of 1 mm, kept for 1 second and then retracted after charging the iron-based mixture to 
the mold. After charging, pressing was conducted under a pressure of 488 MPa to form a green compact. 
[0099] The weight forthe green compacts was measured to determine the charged density {= (green compact weight) 
/(cavity volume)}. The value obtained by dividing the charged density by the apparent density of the iron-based mixed 
powder in the shoe box was defined as a charged value and the die filling property was evaluated. It was determined 
that the die filling property is Improved as the charged value Increases. 



(2) Compressibility Test 

[0100] Iron-based mixed powder (tested mixed powder) was pressed at a pressure of 5 ton/cm2 (490 MPa) into a 
tablet of 25 mm diameter x 20 mm height. The density (green density) of the green compact was measured to evaluate 
the compressibility. 



(3) Segregation Test 

[0101] Segregation of the graphite powder (a kind of alloying powder) contained in the Iron-based mixed powder 
was investigated to evaluate the segregation property. The iron-based mixed powder (tested mixed powder) was sieved 
and carbon was quantitatively analyzed for the powder passing through a sieve of 1 00 mesh (150 ^im) but not passing 
through 200 mesh (75 ^im). Further quantitative analysis was conducted also forthe carbon of the entire Iron-based 
mixed powder (tested mixed powder). From the results, the segregation property was evaluated using the degree of 
carbon adhesion defined as below. 

[01 02] Degree of carbon adhesion = {C analysis value for iron-based mixed powder with particle size passing th rough 
1 00 mesh (1 50 [im) but not passing through 200 mesh (75 Hm))/(C analysis value for iron-based mixed powder) x 1 00 
(mass%). 

[0103] Larger degree of carbon adhesion means less segregation of the graphite powder in the iron-based mixed 
powder. The results are shown TABLE 2. 
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TABLE 2 



iron-based mixed 
powder No. 


Iron-based mixed powder characteristic 


remarks 




die filling property 


compressibility 


segregation property 






charged value 


green density (Mg/ 
m3) 


cafbon depositing 
degree (%) 




• 1-1 


0.81 


6.88 


85 


this invention 


1-2 


0.83 


6.87 


83 




1-3 


0.85 


6.86 


85 




1 -4 


0.86 


6.85 


84 




1-5 


0.87 


6.83 


83 




1-6 


0.83 


6.87 


84 




1-7 


0.84 


6.86 


86 




1-8 


0.86 


6.83 


82 




1-9 


0.85 


6.84 


84 




1-10 


0.84 


6.83 


83 




1-11 


0.83 


6.85 


86 




1-12 


0.86 


6.86 


87 




1-13 


0.85 


6.84 


85 




1-14 


0.87 


6.85 


86 




1-15 


0.86 


6.84 


83 




1-16 


0.84 


6.83 


82 




1-17 


0.91 


6.83 


85 




1-18 


0.86 


6.83 


87 




1-19 


0.35 


6.90 


86 


comparative example 


1-20 


0.40 


6.89 


88 




1-21 


0.82 


6.87 


36 




1-22 


0.70 


6.82 


85 


this invention 


1-23 


0.60 


6.88 


89 




1-24 


0.65 


6.80 


84 




1-26 


0.81 


6.82 


70 





TABLE 3 



symbol 


type 


a 


stearic acid 


b 


oleamide 


c 


stearamide 


d 


melted mixlure of slearamide and elhylenbis(slearamide) 


e 


ethylenbis(stearamide) 


f 


melted mixture of ethylenbis(stearamide) and polyethylene with molecular weight of 10,000 or less 
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TABLES (co ntinued) 
type 




40 



45 



SO 



55 



[01 04] It can be seen from TABI F o th., u . ' ' " 

(iron-based mixed powder No m ,o nI i ,T ^'^"""'^^ to preferableln^^^ 

compressibility, with less slVJt , ^ ^ " '^"""based mixed powder exclr„. T °' '^"s invention 

Of carbon adhesion ofTorrr^' 7""'"' ^^''^9 a g^een « ^^^^^ ''V"""^ and 

roiOS] iron-based r^ixe^poJerofTh^ " °' °« °'"^'re °' ^^"^^ a degree 

f*g properties and comprSbSytSh,^^^^^^^^^^ 1-22to1 .s. n.. 

K^rrnrerWd^^^^r 

10107] Intheiron-ba^^^ri™- ^ ^ ^ ^ result, prevention for seg- 
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(Example 2) 

[0108] First, primary mixing was conducted by spraying one or more kinds of members selected from oleic acid, 
spindle oil and turbine oil shown in TABLE 5 as a binder to 974 g of an iron-based powder. 6 g of a graphite powder 
having an average particle size of 23 \ifr\ as alloying powder(s) and 20 g of an electrolitic copper powder having an 
average particle size of 25 urn, and then mixing them. Further, the addition amount of the binder is represented by 
parts by weight based on 100 parts by weight of the total amount for Ihe iron-based powder, the alloying powder(s) 
and, optionally, the machinability improving powder. 

[0109] As the iron-based powder an atomized iron powder (KIP301 A manufactured by Kawasaki Steel Corporation) 
and a reduced iron powder (207M, manufactured by Kawasaki Steel Corporation) at a ratio shown in TABLE 5 were 
used. The iron powder used In this experiment was also a general iron powder for industrial use. Further, a graphite 
powder of an average particle size of 23 ^im and an electrolitic copper powder of an average particle size of 26 ^im 
were used as the alloying powder(s). 

[0110] In the iron-based mixed powder No. 2-9, a MnS powder of an average particle size of 20 was added as 
the machinability improving powder instead of the copper powder. 

[0111] Then, zinc stearate in an amount shown in TABLE 5 was further added as a binder to the primarily mixed 
powder and they were charged in a heal mixing machine and mixed thoroughly to forni a mixture. The mixture was 
heated under mixing at a temperature of 140*C to form a secondary mixture. 

[01 1 2] Successively the secondary mixture was cooled while mixing to a temperature of SS'^C or lower. Further, after 
cooling to a temperature of 40*»C, each free lubricant of the type and the amount shown In TABLE 5 was added and 
subjected to tertiary mixing so as to provide a homogeneous state and then discharged from the heat mixing machine 
to fomn an iron-based mixed powder. TABLE 3 shows, like Example 1 , the relation between the symbols and the kinds 
of free lubricants other than the thermoplastic resin powder, zinc stearate and lithium stearate added upon tertiary 
mixing. Further, TABLE 4 shows, like Example 1 , the relation between the symbols and the kinds of the thermoplastic 
resin powders used for tertiary mixing, compositions, polymerization methods, primary particle size, agglomeration 
particle size and the molecular weight thereof. 

[01 13] A reduced iron powder (15 mass%) was added together with the free lubricant upon tertiary mixing in a par- 
ticular experiment (iron-based mixed powder No. 2-17). 

[0114] For the resultant iron-based mixed powder, die filling property, compressibility and segregation property were 
evaluated in the same test method as in 

Example 1 . 

[0115] The obtained results are shown in TABLE 6. 
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TABLE 6 



iron-based mixed 
powder No. 


iron-based mixed powder characteristic 


1 t<i 1 leli iNo 




die filling property 


compressibility 


segregation 
property 






charged value 

charged value 


green density (Mg/ 


carbon depositing 




2-1 


0.80 


6.88 


83 


this invention 


2-2 


0.82 


6.86 


85 




2-3 


0.83 


6.86 


86 




2-4 


0.84 


6.85 


83 




2-5 


0.87 


6.83 


ou 




2-6 


0.62 


6.88 


oo 




2-7 


0.82 


6.85 


ftp 




2-8 


0.82 


6.83 






2-9 


0.84 


6.86 






2-10 


0.82 


6.83 


fl7 

Of 




2-11 


0.83 


6.86 






2-12 


0.84 


6.85 


84 




2-13 


0.83 


6.85 


82 




2-14 


0.83 


6.85 


83 




2-15 


0.84 


6.85 


83 




2-16 


0.86 


6.84 


82 




2-17 


0.86 


6.83 


85 




2-18 


0.89 


6.83 


86 




2-19 


0.33 


6.90 


84 


comparative 


2-20 


0.25 


6.89 


83 


example 


2-21 


0.82 


6.90 


35 




2-22 


0.60 


6.80 


86 


this invenlion 


2-23 


0.55 


6.87 


85 




2-24 


0.60 


6.89 


85 




2-25 


0.82 


6.79 


84 




2-26 


0,83 


6.85 


85 





[0116] It can be seen that each of the Examples according to preferable conditions of this invention (iron-based 
mixed powder: No. 2-1 to No. 2-18. No. 2-26) is an iron-based mixed powder of excellent die filling property, compress- 
ibility and segregation-preventive property having a green density of 683 Mg/m3 or more, a degree of carbon adhesion 
of 80% or more, and a charged value of 0.8 or more. 

[01 17] Iron-based mixed powder of this invention in less preferable conditions (Nos. 2-22 to 2-25) still has good die 
filling properties and compressibility, with less segregation of graphite powder, although somewhat lower than that in 
preferable conditions. 

[0118] On the other hand, in the iron-based mixed powder with the amount of the reduced iron powder out of the 
range of this invention (Nos. 2-19 and 2-20), the die filling property was lowered. The iron-based mixed powder (No. 
2-21 ) somewhat insufficient in the amount of the binder provided a result that the purpose of the binder treatment was 
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10 



15 



With the a Junt of . e "ri^^^^^ ,f P^P^^^ -as lower Furthe^^t e ba "7'"' ''"^ °' 

Further, in the iron-based mlv L ''"^^ ^^'^'^^"^ 'ango of this 'nv Jt^n T f "'"'^'^ P°'^<^^' (^o. 2-24) 

suitable range Z^nl^Z^ZT ^'k '"''^ "'^ ^--"t the™:^ P^°P^«>- 'owered^ 

ro120J According ,o S inv^n "on ' '=°'"P^«^«'b"'ty was lowered "^'"^ '""'^^ S^^^^r than the 

Sintered parts and caDah f^f ! ^ ^f^cts capable of consii.lnH '""'^^P°^der according 



an iron-based powder; 

at least one alloying powder; 
binder; and 

optionally a, least one machlnability improving powdc, 



5 



6 



'■ iron-based mixed powder of claim i u • 
The iron-based mixed powder of claim 1 uh • 

'-^^^^^'^^'^^^^^^^ 

The iron-based mixed powder of ri^im i . u • 

:::r:::::r:r'^''--^^ 

The iron-based mixed powder of riofm « . u . 

' ^"0. optionally, at least 
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one compound selected from the group consisting of stearic acid, oleamide, stearamide, a melted mixture of stear- 
amide and ethylenbis(stearamide), ethylenbls(stearamide), polyethylene with a molecular weight of about 10,000 
or less and a melted mixture of ethylenbis(stearamide) and polyethylene with a molecular weight of about 10,000 
or less. 

10. The iron-based mixed powder of claim 9, wherein the themnoplastic resin powder comprises at least about 50 

mass % with the thermoplastic resin powder of units of at least one monomer selected from the group consisting 
of acrylic esters, methacrylic esters, aromatic vinyl compounds and combinations thereof, wherein the monomer 
is polymerized, and wherein the thermoplastic resin powder has an ayerage primary particle size of from about 
0.03 \im to about 5.0 ^m, an average agglomeration particle size of from about 5 ^im to about 50 ^im, and an 
average molecular weight measured by the specific viscosity of a solution of from about 30,000 to about 5,000,000. 

11. An iron-based mixed powder for use In powder metallurgy, comprising: 

an iron-based powder; 

at least one alloying powder; 

binder, and 

optionally at least one machlnabillty Improving powder, each being as starting material; 

wherein the iron-based powder comprises from about 60 mass % to about 90 mass % of an atomized Iron 
powder and from about 1 0 mass 7o to about 40 mass % of a reduced iron powder based on the entire amount of 
the iron-based powder; and 

wherein the alloying powder and the machlnabillty improving powder are binder treated with the Iron-based 
powder. 

12. The iron-based mixed powder of claim 1 1 , wherein the Iron-based mixed powder further comprises a free lubricant. 

13. An Iron-based mixed powder for use in powder metallurgy, comprising: 

an iron-based powder, 

at least one alloying powder; 

binder, and 

optionally at least one machinability improving powder, each being as starting material; 

wherein the iron-based powder comprises from about 60 mass % to about 90 mass % of an atomized iron 
powder and from about 1 0 mass % to about 40 mass % of a reduced iron powder based on the entire amount of 
the iron-based powder; 

wherein the alloying powder and the machinability improving powder are binder treated with at least a portion 
of the Iron-based powder; 

wherein the remainder of the iron-based powder substantially comprises reduced iron powder and Is from 
about 10 mass % to about 30 mass % based on the entire amount of the iron-based powder, is mixed with binder- 
treated powder. 

14. The iron-based mixed powder of claim 1 3, wherein the iron-based nriixed powder further comprises a free lubricant. 
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FIG. 1 




FIG. 2 
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FIG. 3 
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